In budding yeast, septins are involved in the morphogenesis checkpoint and the DNA damage checkpoint, both of which regulate cell-cycle progression. In this issue of Cell, Kremer et al. (2007) link septins to DNA damage in mammalian cells by identifying a new signaling pathway that includes the adaptors SOCS7 and NCK. As NCK controls actin dynamics, this pathway may connect DNA damage responses and cellular morphology in metazoans.
In the nervous system, the chemical synapse is the major site of communication between cells. Synapses are highly specialized structures composed of a presynaptic site containing machinery for release of neurotransmitter from vesicles, which is directly apposed to a postsynaptic site enriched in neurotransmitter receptors and signaling molecules. Synapses are crucial not only for mediating basal neurotransmission but also for ensuring malleability in response to stimuli-the latter being a cellular correlate of learning and memory termed synaptic plasticity. Synaptic plasticity is often thought of as a selective "strengthening" or "weakening" of synapses and can arise in several ways, including alterations in neurotransmitter release or in the number or biophysical properties of receptors. Ubiquitination is emerging as an important mechanism in modulating synapse formation and function (Yi and Ehlers, 2005) . Monoubiquitination can serve as a regulatory posttranslational modification like phosphorylation, whereas polyubiquitination targets proteins for degradation through the ubiquitin-proteasome system (UPS). In this issue, Yao et al. (2007) describe a new mechanism for UPSmediated presynaptic modulation that sheds light on how neurotransmitter release is held in check.
The protein RIM1α is a key player in the presynaptic terminal forming a scaffold that links synaptic vesicles with the fusion machinery as well as priming vesicles for release (Schoch et al., 2002) . Setou and colleagues (Yao et al., 2007) now show that the amount of RIM1α protein is tightly controlled by a new E3 ubiquitin ligase F box protein, SCRAPPER. (F box subunits like SCRAPPER determine target specificity). SCRAPPER is selectively expressed in the brain, enriched in the presynaptic compartment, and binds to and polyubiquitinates RIM1α when in a complex with accessory E3 ubiquitin ligase subunits. Mice lacking SCRAPPER show an increase in half-life and steady state levels of RIM1α. These mice also show enhanced neurotransmission, consistent with the effect of RIM1α deletion, which decreases evoked transmission by reducing the probability of neurotransmitter release. Both RIM1α and SCRAPPER mutant mice exhibit altered paired pulse facilitation, a form of short-term plasticity.
The presynaptic scaffold molecule RIM1α is important for regulating neurotransmitter release. In this issue, Yao et al. (2007) show in mice that an E3 ubiquitin ligase, SCRAPPER, targets a set of presynaptic proteins including RIM1α for degradation by the ubiquitinproteasome system. Their results identify protein degradation as a mechanism for holding rapid synaptic communication in check. At a typical synapse in the central nervous system, regulated fusion of synaptic vesicles releases neurotransmitter from one cell to activate postsynaptic receptors and other signaling molecules on a target cell. Synaptic vesicles are studded with a complement of proteins that function in vesicle biogenesis, transport, docking, priming, fusion, and recycling. RIM1α acts as a scaffold to connect synaptic vesicles with active zone fusion machinery (black triangles), priming vesicles for release. In wild-type animals (left), the F box protein SCRAPPER is enriched in the presynaptic terminal and anchored to the plasma membrane via prenylation. In concert with Skr/Cullin subunits, SCRAPPER acts as an E3 ubiquitin ligase to conjugate multiple ubiquitin moieties to target proteins. These targets include RIM1α and numerous other presynaptic proteins. Upon polyubiquitination by SCRAPPER E3 ubiquitin ligase, proteins are degraded by the proteasome. In SCRAPPER-deficient mice (right), RIM1α and other important synaptic proteins accumulate. The result is a greater number of vesicles near the active zone, an increased frequency of synaptic vesicle release (trace, bottom right versus bottom left), and altered short-term synaptic plasticity. Note that the figure represents events occurring over a span of time.
The enhanced rate of spontaneous neurotransmission in the SCRAP-PER-deficient animals is mimicked by overexpression of RIM1α, and these effects arise by a presynaptic rather than a postsynaptic mechanism (as revealed in elegant coculture experiments). Similar to previous findings (Willeumier et al., 2006) , Yao et al. also determined that proteasome inhibitors increase the frequency of vesicle release in wild-type neurons. However, this effect of proteasome inhibitors is occluded in neurons from SCRAPPER-deficient animals. Taken together the findings of Yao et al. (2007) reveal that SCRAPPER is a major presynaptic E3 ubiquitin ligase that acts through RIM1α and the UPS pathway to critically regulate synaptic transmission (Figure 1 ).
In addition to its effects on RIM1α, might SCRAPPER regulate presynaptic function via other targets? Remarkably, the levels of most of the presynaptic proteins assayed, including synaptophysin, synaptogyrin, synaptotagmin, CASK, Munc13, and Munc18, are elevated in SCRAP-PER knockout mice and/or reduced upon SCRAPPER overexpression. Furthermore, there are phenotypes observed in the SCRAPPER knockout animals that are not paralleled in RIM1α knockout mice, including altered synaptic vesicle distribution and altered calcium ion dependence of vesicle fusion. In addition, whereas overexpression of SCRAP-PER reduces spontaneous vesicle fusion rates, loss of RIM1α does not. SCRAPPER-mediated alterations in degradation of the calcium sensor synaptotagmin and the active zone protein Munc18 might be involved in these effects. Interestingly, prior work in Drosophila (Speese et al., 2003) also indicated negative regulatory control of synaptic transmission by the UPS, at least in part through regulation of the Munc13 ortholog, but the ubiquitin ligase involved was not identified.
The exciting results of Yao et al. (2007) raise a number of additional questions. Is changing the absolute amount of specific presynaptic proteins, or rather their relative stoichiometries, important? Like many presynaptic proteins, the RIM protein family itself is composed of six main isoforms that have partially redundant roles but are expressed differentially in the brain (Kaeser and Sudhof, 2005 SCRAPPER does not play a major role in synapse development, unlike the previously described synaptic ubiquitin ligases Pam/Highwire/RPM-1 and anaphase promoting complex (APC) (DiAntonio et al., 2001; van Roessel et al., 2004) . In both cases, at least in Drosophila, loss of the ubiquitin ligase leads to overgrowth of synapses along with alterations in function. Key presynaptic targets of UPS-mediated degradation include a MAP kinase kinase kinase for Highwire/RPM-1 and the active zone scaffolding and tyrosine phosphatase linked protein Liprin-α for APC.
In a new twist on the idea of ubiquitin ligases keeping synapses in check, recent findings published in Science (Ding et al., 2007) indicate a requirement for another E3 ubiquitin ligase in stereotyped synapse elimination. Using a well-characterized set of synapses in the worm Caenorhabditis elegans as their model, Ding et al. (2007) showed that the ubiquitin ligase SKR-1 is needed to eliminate secondary synapses. Primary synapses are protected by the local presence of the synaptic adhesion molecule SYG-1, which binds to SKR-1 and inhibits assembly of the ubiquitin ligase complex. These data suggest that synapses are built to fall apart, that is, unless they are protected from doing so. It will be interesting to see if similar mechanisms operate for activity-dependent synapse elimination in more complex systems.
Might SCRAPPER or a related E3 ubiquitin ligase be responsible for the activity-dependent coregulation of postsynaptic protein levels by the UPS? Unlike C. elegans, where the major excitatory neurotransmitter receptor GLR-1 is ubiquitinated (Burbea et al., 2002) , in mammals evidence for direct ubiquitination of AMPA receptors is lacking. However, a host of postsynaptic scaffolding and signaling molecules including NMDA receptors are coordinately upregulated or downregulated by the UPS in response to long-term changes in activity (Yi and Ehlers, 2005) . Coordinated regulation of pre-and postsynaptic protein levels via the UPS may function in activity-dependent homeostatic responses. In addition, activity can regulate the trafficking of proteasomes and their amounts in spine synapses (Bingol and Schuman, 2006) .
The results presented by Yao et al. (2007) are exceptional in that they provide evidence that a rapid kinetic process, synaptic vesicle release, can be regulated over a short timescale using the permanent process of protein degradation. The work presented in Science shows how a seemingly passive process, synapse elimination, is surprisingly dynamic. It is also exciting to think that SCRAPPER activity could be localized to or excluded from an individual synapse, reminiscent of Ding et al. (2007) . This spatial regulation of UPS-mediated degradation would allow for precise tuning of neuronal networks. We now have to look beyond transcription, translation, and posttranslation modifications and look toward UPS-mediated protein degradation as a means of fine tuning already intricate systems of neurotransmission.
Cells ensure the fidelity of DNA replication, chromosome segregation, and cytokinesis through various checkpoint mechanisms that sense specific anomalies during the cell cycle and halt progression to the next phase (Hartwell and Weinert, 1989) . Proper organization of the cytoskeleton, including that of septin filaments, is required for cell-cycle progression. Septins are GTP/GDP-binding proteins that assemble into filamentous cytoskeletal polymers (Sirajuddin et al., 2007) . The budding yeast Saccharomyces cerevisiae builds the septin ring at the site of cell division as a versatile platform that serves as a scaffold and a diffusion barrier for various molecules, a positional cue for orientation of the mitotic spindle, and a sensing unit of the morphogenesis checkpoint machinery (Versele and Thorner, 2005) . The morphogenesis checkpoint senses and transmits the status of cytoskeletal organization to cell-cycle regulators in the nucleus: Swe1p kinase (homologous to S. pombe Wee1) shuttles between the nucleus and the cytoplasm and also binds to the septin ring. The interaction with septins triggers the degradation of Swe1p and its depletion from the nucleus, thereby releasing the cyclin-dependent kinase Cdc28p (S. pombe Cdc2) from its Swe1p-mediated inhibition (Lew, 2003) . Thus, the organization of septins is directly involved in driving or halting the cell-cycle engine. When compared with microtubules and actin filaments, septins appear to have diversified more through evolution both in appearance and in function. Metazoan versions of septin polymers are involved in the organization of several structures, including the contractile ring, actin stress fibers, the mitotic spindle, and sperm flagella (Kinoshita, 2006) , but their molecular function has been elusive.
In this issue, Kremer et al. (2007) report an unexpected role for septins in mammalian cells during interphase. They show that septin heteropolymers dispersed throughout the cytoplasm serve as a cytoplasmic sink for the signaling protein SOCS7. This protein exhibits dynamic shuttling between the nucleus and cytoplasm via its nuclear import and export signals and a septin-interacting region. SOCS7 is responsible for the nuclear localization of NCK, another multifunctional adaptor protein involved in actin organization. Depletion of septins using RNA interference causes SOCS7 to accu-
